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MIUTAKf CURRICULUM MATERIATS 

The military-developed curjciculum materials in this course 
package were selected by'tihe National CenV-er for Research in 
Vocational Education Military Curriculum Project for diss^n- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating tiiese courses was to make curriculum materials 
developed by the military more accessible tc vocational 
educators in the civilian setting. 

The course materials vTere acquired, evaluated by project 
staff and practitioners in the field, and pr^ared for 
dissemination. Materials which were specific to the idlitary 
were deleted, copyrighted materials were either osnitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction curriculum develc^sment. 
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Militaiy 

Curriculum Materials 
Dissemination is . . . 

t.-£. ^.^^ . . . - _^ ^ . ■ ^ , , - - 



What Materials 
Are Available? 

„ . . - J 



How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military devtiloptid curriculum materials to 
vocational and technical educators* 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculu.n materials in print 
form^frOfn the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Acce^JS to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S, Offjce of 
Education and the Department of Defense. 

|"he acquired materials are reviewed by staff 
rnd Subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

Ihe National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.O. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum Outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses lepresent the following 
sixteen vocational subject areas: 



Agriculture 
Av^ation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Seivice 
Health 

Heating 8t Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 
Navigation 
Photography 
Public Servrce 



The number of courses and the subjact areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and costK They 
wiil respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's missron is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fcfffilis its mission by; 

•"'Gener=**'ng knowledge through research 

• Developing educational programs and 
— fwcKlcts 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT„ 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

The National Center for Research In Vocational 

Education 
Tfie Ofiic Stale University 
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OVERVIEW ^ 
BASIC ELECTRICITY AND ELECTRONICS. 
MOOULE TWENTY TWO 

Osci 1 lators 



Any technician will tell you that oscillator circuits are bq important 
part of electronic equipment. Host students studying oscillators for 
the first time discover that they are amazing circuits — they have an 
output signal but no input signal (something for nothing?). Actually 
they Only convert electrical energy from one form to another from 
DC to AC. There are many types of oscillators^ but this module will 
limit Itself to osci 1 lators that utilize parallel resonant tank circui 



This module has been divided into the following fou^ lessons 

Lesson i Functional Analysis 

Lesson II Parallel Resonant Circuits 

Lesson III Measuring Frequency with an Oscilloscope 

Lesson IV Osc! 1 1 ator Operat ion 



BASIC ELECTRICITY AND ELECTRONICS 



'' MODULE TWENTY TWO 



LESSON I 



FUNCTI-ONAL ANALYSIS 



t APRIL 1977 
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OVERVIEW 

LEtst)(4) \ , ^ 
Funct fona 1 Ana I ys is 

In this lesson you will study and learn abbut the function of osciltatars^ 
the function of the tank circuTt^ th^ function of the amplifier circuity 
and the function of the feedback circuit, 

fhe learning objectives of , this lesson are as follows; 

TEftMlNAL OBJECTIVE(S): 

22,1,^^ ^ Whsn the student completes this course^ he wiP be able to 
TftOliBL'ESHOOT an oscillator circuity given a ''^:nip^ device^ 
-re<fuired test tiuipment^ technical manuals^ s^.)«c«*iaticSt and 
' ■ - a practice board. Fault diagnosis to be lOOt correct and 
any repair work completed on a practice board to pass a 
Learning Supervisor's visual and physical check. 

\ ' 

EKABLING OBJECTI VE (s) ; 

When the student compl^etes this lesson^ he will be able to; 

22.1,^^.1 DEFINE the function of a basic oscillator by selecting the 
correct statement from a list of four statements, 100? 
accuracy is requ i red, 

22,1.^^,2 IDENTIFY the tank^ amplifier^ and feedback components in a 
• basic oscillator given a training device oscillator circuit 
^and its schematic diagram or technical manual and a job pro^ 
' qram, 100% accuracy is required, 

22.1,^^,2.1 DEFINE the function of the tank circuit in an oscillator by 
selecting the correct statement from a list of four choices. 
100^ accuracy is required, 

22. 1 , ^4^4, 2, 2 DEF I NE the funct ion of the ampl i f i er sect ion in an oscl I I a tor 
circuit by selecting the correct statement from a list of 
four choices. 100% accuracy is required. 

22,1,^4^4,2,3 DEFINE the function che feedback section or "loop" in an 
oscillator by. selecting the correct statement from a list of 
four statements. 1^% accuracy i^ recjtilred. 



BEFORE YOU START THIS LESSON* READ THE LESSON LEAftNIWO OBJECTIVES AND 
PftEVJEW THE LIST OF STUDY ftESOUftCES ON THE NEXT PAGE. 



I 



Study Resources 



Twenty TwO"* I 



LIST OF STUDY RESOURCES 
LESSON, I 



FUHCTIOHAL ANALYSIS 



To learn the material in this los^on, ^ou have the option of choosiitg, 
according to Y^"'' experience and preferences, any or all of the follow- 
ing study resources; 



Module Boo :: 

Summary 
Narrat i ve 

Student ' s Guide: 

Audio/Visual Response Sheet Twenty Two - I 
Progress Check 

Additional Materiai{s); 



Enrichment Materiai(s); 

Basic Electronics, Vol, i, NAVPERS 10087C 

Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSHIPS 0967-000*0120, section 6 



YOU MAY ySE ANV, OR ALL, RESOURCES LISTED ABOVE, IMCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES^ THE PROGRESS CHECK HAY BE TAKEN AT ANY 
TIME. 



Written Les 



sentat ion in : 



Audio/Visual Program Twenty Two - 1 "Functional Analysis of Basic 

Oscil Jators*' 




Summary 



Twenty Two"l 



SUMMARY 
lESSON I 

Functional Analysis 

Oscillators must be considered in some detail in the study of electronics, 
since most electronic equipments employ them. 

An oscillator is a non-rotating device for producing alternating current 
from a direct current supply, at a frequency determined by the character- 
istics of the device. 

Alternators and generators (rotating devices) can produce AC at a variety 
of frequencies* but they are not classified as oscillators. 

Electronic oscillators may not always produce o^newave AC, but only those 
that do will be considered in this module. 

The figure illustrated below shovjs the block diagram for the basic oscil^ 
lator ; 




i 



TANK CIRCUIT 



FEEDBACK 



(REQENfRATIVE) 




OUTPUT 



1he functions of the circuits are: 

Tank Circuit: Develops the desired AC frequency. 

Amplifier Circuit; Amplifies the tank circuit output to a usable level 

and compensates for energy losses in the components 
of the osc 1 1 tator. 
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Feedback Circuit: 'leturns part of the oscillator output signal back into 

the tank circuit to insure that the tank circuit will 
continue to oscillate. 

The output of the basic oscillator circuit is a sinewave at a constant 
amplitude and frequenc>'. 

at this point, you hay take the lesson progress check. if you 
answer all self-test items correctly, kroceeo to the next lesson, 
if you incorrectly answer only a few of the progress check cluestions, 
the coprect answer page will refer you to the appropriate pages, 
paragraphs, or frames so that you can restudy the parts of this 
lesson you are having difficulty with. if you feel that you have 
h'ailed to understand all, or most, of the lesson, select and use 
another written medijm of instruction, audio/visual materials (if 
applicable), or consultation with learning supervisor, until you 
can answer all self-test items on the progress check correctly. 
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Narrat i ve 
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HARRATIVE 
LESSON I 



Functional Analysis^ 



In the study of electronics, oscillators must be considered in some 
detail, since the list of equipments employing oscillators is a long 
one. liKluded are equipments such as radio transmitters and receivers, 
radar, sonar, guided missiles, test equipment, and television. 

The question "wnat is an oscillaor?" can be answered best by determln- 

what an oscillator does. An oscillator generates a waveform at a 
constant amplitude and spec t f ic^ frequency. 

Although all oscillators do not produce sine waves, in this lesson we 
will only be concerned with osci 1 lators that do. ^The function of all 
oscillators is basically the same, regardless of the waveshape produced. 

By definition, an oscillator is a :ion-rotating device for producing alter- 
nating current from a direct current supply, the output frequency of which 
is determined by the characteristics of the device. 

The definition contains the word non-rotating in order to el iminate 
the poss i bl 1 i ty of cl ass i f y i ng an al ternator or a generator as an osci 1 - 
lator. Although an alternator or generator can produce a sinewave at a 
given frequency (such as 60 Hz for the AC power line), they are not class"* 
ified as oscillators. 

An oscillator circuit produces a given (1) 

at a constant (2) . 



1 . frequency 
2 * ampl i tude 
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The figure illustrated belov^ is a blo:k diagram which shows the three 
essentia) sections of a basic o&cillator circuit. 



FEEDBACK 







TANK CIRCUIT 








OUTPUT 



The three essential sections of any oscillator circuit are: 



(I) 
(2) 
(3) 



I * Feedback 

2. Amp) i f ter 

3. Tank Circuit 



(in any order) 



As discussed earlier* the power supply's function Is to convert AC to DC, 

OUTPUT 



INPUT 




POWER 
SUPPLY 
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The oscillator's function is just the optjosite. It converts DC into AC. 
The tank circuit is a basic oscillator and when supplied with a DC voltage 
Can convert i t to AC . 



INPUT 



TANK 
CIRCUIT 



^7 



OUTPUT 



Wait a minute! If we started with AC and needed a power supply to convert 
It to DCt why go to the trouble of converting it back to AC? Remember, the 
AC 1 i ne vol tage was on 1 y 60 hz . in el ectron i cs , many d i f f erent f requenci es 
are required, and the tank circuit can convert DC to any frequency. The 



frequency might range, for example, from 1 
value of components in the tank circuit. 
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to 1 X 10 Hz depending on the 



The oscillator's function is to convert DC to the required AC 
The Tank ci rcu it establ i shes- the 



frequency of the oscillator 

The tank circuit can convert DC to AC by itself but due to energy losses 
of the components that make up the oscillator, it can only sustain oscil- 
lations for short periods of time. In order for the output to be useful, 
the oscillator must maintain the required frequency and amplitude. By 
adding an amplifier and a feedl>ack circuit to the tank circuits, a constant 
amplitude and frequency c<;n be maintained. 

This amplifier is the same as the basic amplifier you have already studied. 
Its function is to amplify the output of the tank circuit. This is necess- 
ary to compensate for component energy josses and to ensure that the output 
IS of ihe required amplitude. 

The feedback takes Part of the amplifier's output and returns 'it to the 
tank in phase with the oscillation of the tank to sustain oscillations. 
In oscillators we call the type of feedback regenerative or positive feed- 
back. 

We 3ay that the signal is fed back into the tank to prevent the oscillations 
from dying out. 
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FEEDBACK 



(REGENERATIVE) 



r 



TANK CIRCUIT 




OUTPUT 



The blocks shown in the it lustration must work together to provide an 
Output usable by the rest of the equipment. in short, the tank circuit 
establishes the frequency of oscillations but, because of component losses, 
it alone is not capable of maintaining the required output. The amplifier 
performs two functions. The first Js to increase the tank's output to an 
amplitude sufficient for equipment operation; the second is to provide 
power for the feedback circuit. The feedback circuit replaces the energy 
lost in the tank. As you can see, each stage is dependent upon the other 
stages and failure of one function disables the total oscillator. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO TH^ APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH.. IF YOU FEEL THAT YOU HAVE 
FAILEO TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON I I 

Parallel Resonant Circuits 



In this lesi.on you will study and learn about flywheel effect^ damping, and 
various methods for changing frequency of tank circuit. 

The learning objectives of this lesson are as follfjws: 



TERMINAL OBJECTI VE(s) : 

22,2.^^ When the student completes this course, he will be able to 
TROUBLESHOOT an oscillator circuit, given a training device, 
required test equipment, technical manuals, schematics, and a 
practice board. Fault diagnosis to "'be \00% correct and any 
repair work completed on a practice board to pass a Learning 
Supervi sor ' s visual and phys ica 1 check. 

ENABLING OBJECTI VE(s) : 

When the student completes this lesson, he will be able to: 

22,2.^^,3 IDENTIFY the output waveform of a tank circuit operating at 
resonance by selecting an illustration of the correct wave- 
form from a set of four i 1 1 ustrattons, 100? accuracy is 
required. 



22.2.kk.k IDENTIFY the waveform that represents a 'damped** sinewave 
by selecting the correct waveform froin a set of four. 
100? accuracy is required, 

22, 2, ^^.^J OBSERVE a damped waveforti given an oscilloscope, a^aining 
device, and a job program. 100^ accjracy is required. 

22,2.^4^4,5 IDENTIFY the component that, when changed, will (will not) 
vary the resonant frequency of a paralled tank circuit by - 
selecting from a list of four statements , the component that^ 
when changed, will (will not) change the resonant frequency, 
100% accuracy is required. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
UESSON I I 



Parallel Resonant Circuits 



To learn the material in this lesson^ you have the option of choosir^^ 
according to your experience and preferences^ any or all of the follow- 
ing study resources: 

Written Lesson presentation in; ^ ^ 

Module Booklet: 
Summary 

Programmed instruction 
Narrative ' 

Student's Guide: 

Audio/Visual Response Sheet Twenty Two - II 

Job Program Twenty Two - II **Damped Osci I latio^^s" 

Progress Check 

Additional Materi al s (s) ; 

Audio/visual Program Twenty Two - II "Parallel Resonant Circuits" 



Enrichment Materials): 

Basic Electronics, Vol. 1, NAVPER3 10087-C 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE UESSON OBJECTIVES. THE PROGRESS CHFCK MAY BE TAKEN AT ANY 
TIME. 
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SUMMARY 
LESSON I I 

Parallel Resonant Circuits 

The tank circuit determines the frequency of the oscillator. Tan*, cir-" ' 
cuits store electrical energy in the electrostatic field of the capacitor 
and in the electromagnetic field of the inductor. Energy is transferred 
from capacitor to inductor and back again producing a sine wave output 
at a specific resonant frequency. This automatic energy transfer is call- 
ed the f lywheel ef f ecj . 

If components were perfect, the flywheel effect would continue forever; 
however, because o^ internal losses of the components and wiring, tte > 
tank loses energy. ^ This loss in e^^ergy lowers the amplitude of the sine 
wave until all energy of the tank is dissipated. This sine wave of de- 
creasing amplitude is known as damped oscillations . 

A fixed tank circuit has only one^ resonant frequency. The formula for 
the resonant frequency of the tank is ^ _ ■ 159 . Therefore, the 

resonant trequency may be changed by adding inductors or capacitors to 
the tank. If capacitance or inductance is increased, the resonant fre- 
quency is decreased. They are indirectly proportional, Variab-le com- 
ponents are frequently used to change the resonant frequency over a range 
of frequencies, 

tn order to use a tank as a frequency producer, some method must be used 
to overcome the losses that cause damped osciUations. This method will 
be covered in Lesson IV. 

AT THIS POINT. YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT CESSON, 
IF YOU INCORRECTLY ANSWER ONLY A FEU OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESIUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAf YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSEN, SELECT AWD USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VlSUAL MATERIALS (iF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAHHEO INSTRUCTION 
LESSON I I 



Parallel Resonant Circuits 



TEST FRAME IS FRAME 11. GO FIRST TO TEST FRAME 11 AND SEE IF YOU CAN 
ANSWER THE QUESTJONS* FOLLOW THE DIRECTIONS AT THE END OF THE TEST 
FRAME* ^ 

U The **heart** of an oscillator is a parallel resonant circuit commonly 
called a tank circuit* It Is known as a tank circuit because it has the 
ability to store energy jusl as a gas tank has the ability to store fuel. 
Capacitors and inductors are the components used in tank circuits. These 
components hold or store electrical energy* For example; 



A difference in potential between plate A and plate B soon matches the 
source voltage* When the potential of the capacitor equals the potential 
of the battery^ current flow stops* 

If the battery voltage increased to 20 VDC* to what level would the capac- 
itor charge or discharge? 



The capacitor would charge to 20 VDC* 



S 




When the switch is closed^ 
electrons accumulate on one 
plate of the capacitor (A) 
and are taken off the^other 
plate (B)* 



Figure 1 
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2* The inductor holds energy in the form of an electromagnetic field. 
For example; ^ 




Figure 2 

ff the battery shorts out^ the electromagnetic field of the inductor 
would start to collapse. The collapsing electromagnetic field induces 
a voljage in the inductor that would tend to i<eep current flowing in 
the same di rection* 

In the*circult shown^ switch Si is placed to the 8 position* Will 
current flow be up or dov/n through resistor R7 



A B 




Figure 3 



Up* Inductors try to mniff^in current flow in the same direction when 
their'flelds collapse^ ^ ^ 
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3. Capacitors^ unlike Inductors^ will change the direction of current 
flow when the source is disconnected* 



A 



B 



CAPACITOR FULLY CHARGED 
Figure 




CAPACITOR DISCHARGES, 
Figure 5 



a* Capacitors charge in one direction of current flow and discharge in 
the direction. 

b. Inductor's field expands in one direction of current flow and collapses 
in the direction^ 



a* oppos I te * 

b ^ same 

^* When these two components are put In the same circuit and parallel to 
each other^ the circuit becomes a tank circuit* Let's examine what happens 



10V ^ 




Figure 0 

In Figure 6 the capacitor is frilly charged- 
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Figure 7 



In figure"? the capacitor starts to discharge and at the same time the 
electromagnetic field of the Inductor starts to build* When the capac- 
itor's charge Is exhausted^ what happens to the Inductor's electromag- 
netic fleTdt 



it sTtafts to collapse. 

5* The collapsing Inductor field maintains current flow through the In- 
ductor In the same direction as the current that faullt up the field* 




Figure 8 

In Figure 8^ the induced voltage In the inductor keeps current flowing 
after the capacitor has been fully discharged* The electrons that wfere 
oTi^ F^te A have now been transferred to plate 6* The capacitor has 
switcned polarity as compared to its initial charge* 

The capacitor has again become fully charged but with polarity opposite 

to Its Initial charge. At .the same time the Inductor's field Is completely 

exhausted * 




p. 1 , Twenty Two- 1 1 




Figure 9 



tn Figure 9 the capacitor starts to discharge, causing current to flow 
through the inductor in the opposite direction* Let*s stop now and see 
what the voltage across the tank has been doing. 




F^rame k describes the genertition of the waveform section from point 1 to 
point 2* This frame, so far, covers from point 2 to. point 3* Between 
points 3 and k the capacitors discharge current will build up a magnetic 
field arounc< the inductor while the circuit volt^je drops to zero* 

in the next step of the process, the magnetic field around the inductor 
* col lapses keeping current flowing through the circuit in the same direc- 
tion* 



Complete the waveform below to show tank circuit voltage during the 
magnetic field*s cpilapse (after point ^) * 
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6. This transfer of energy between capacitor and inductor is called the 
flywheel effect . If this sequence were to be continued, the output of 
the tank would be a sine wave- 




SINEWAVE 



The function of a tank circuit then is to produce this flywheel effect 
You have just observed how this is done. What component action causes 
the tank circuit to switch direction of current flow? 



The capacitor switches polarity. (or words to that effect) 

7- As we alt know, perfect (no loss) components are not possible and as 
a result, some energy is lost In each transfer of energy between the 
capacitor and inductor. Energy is lost through the resistance of the 
wire, leakage in the capacitor^s dielectric, etc. This results in a 
continually decreasing amplitude of the oscillator's sine wave output 
until finaliy all energy is dissipated. 




The term for this effect is damped osci 1 lacions. 
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Why can^t a tank circuit be used as an oscillator? 



Damped oscillations make the output unusable - or - the amplitude is 
not constant, (or words to that effect) 



8* You have been told the tank circuit is the frequency determiner of 
the oscillator. The frequency or rate of exchange between the components 
is determined by the relationship of the values of capacitance and induc- 
tance used in the tank< The easiest way to show this relationship is with 
the use of the following formula; 



What we are concerned with is the effect an increase or a decrease of 
capacitance or inductance has on the resonant frequency. 



if C increases^ the square root of L times C increases. This stives us a 
larger number divided into -159. The result of this divisjon of a larger 
number into a cor-stant number must be a lower resonant frequency. 

What would happen if the L (inductance) of a tank circuit increased? 




For example: 






The resonant frequency (f^) would decrease. 
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9, It can be seen then^ if .capacitance or Inductance Is added to a tank 
circuity the frequency must decrease 




To Jower the frequency of 
a tank circuity add capact 
tance or Inductance- 



'^Remember ^ to increase capacftance^ capacitors must be added in parallel- 
To increase inductance^ inductors must be added in series. 

Which two circuits vtlW increase the resonant frequency of a tank circuit? 



i 



Hf- 



a. 



i 




c. 



a, d 
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10. Often we desire a range of freriuencies from a tank circuit. This is 
easily done by using variable components. 




VARIABLE 
INDUCTOR 



A B 

The range of capacitance in A, or the range of Inductance in 8, deter- 
mines any number of possible frequencies. 

Jf the inductance in 8 is reduced, the frequency will (increase/decrease) 



increase 

11. TEST FRAME 

a. The is a term used to describe the transfer of 

energy within q resonant tank. 

b. If the frequency of a tank increases, the value of either the 
capacitor or inductor must have ( increased/decreased ) . 

c- What Is meant by **damped oscillations**? 

d. Variable inductors are used in tank circuits to 

e- What kind of waveform is produced by a tank circuit? 



THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS AT 
THE TOP OF THE NEXT PAGE. 
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a. Mywhdel effect 

b. decreased 

c. Damped oscHlations means' that amplitude of each successive wave- 
form from 3 tank circuit gets smaller because of the internal losses 
of the components within the tank. (or words to that effect) 

d. change the frequency of the tank 

e- Sine wave. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YOU 
ANSWER ALL SElF-TEST ITEMS CORREt,TLY, PROCEED TO THE NEXT LESSOrl. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE .'R1ATE PAGES, 

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY T.t.- PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, CR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEH MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CDNSULTATION WITH LEARNING SUPERVlSDR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



3.3 

26 



Narrative 



Twenty Two" 1 1 



NARRATIVE 
LESSON M 



Parallel Resonant Circuits 



In Lesson I, the functional block diagram explained the purpose of tank 
circuits. In this lesson we will examine the operation of various tank 
circuits used in oscillators. All tank circuits are comprised of capac- 
itors and inductors. These components^ as you recall, have the ability 
to store electrical energy. 

To simplify the explanation of tank circuit operation^ we will show 
only the capacitor (tank voltage) waveforms. 

The tank circuit can convert DC voltage to AC voltage. To initiate 
tank circuit operation^ we must first charge the capacitor. 

In figure 1-a^ the switch t$ in position 8. The capacitor is fully 
charged to source potential and the circuit has stabilized. 




Figure 1 



Source voltage is now rentoved by placing the switch in position A (Figure 
l-o)- At this instant, all tank energy is stored in the electrostatic field 
of the capacitor. The capacitor acts as a source and discharges through 
the inductor, producing an expanding magnetic field around the inductor* 
While the capacitor continues to discharge, the inductor's field enlarges. 
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At the instant the capacitor is fully discharged, the inductor's ^leld 
is maximum. The stored energy of the capacitor's electrostatic field 
has been transferred to the inductor's electromagnetic field. 

With no current to maintain it, the inductor's field begins to collapse. 
This collapsing field maintains current flovj in the same direction (Fig- 
ure 2) . 




HOTE: The capacitor is now 

charging with opposite 
polar I ty . 



Figure 2 

The more the inductor's field collapses, the more the capacitor charges. 
Once again, all circuit energy is transferred between the components 
of the tank. During the next transfer of energy, the polarity is rever- 
sed and the direction of current is opposite to that in the first energy 
cycle (Fi gure 3) . 



Initial charge maximum positive — 
capacitor starts to discharge through 
the inductor. 

Inductor maintains current f\o'^ in 
same direction capacitor charges 
in opposite direction. 
Capacitor discharges for the second 
time in the opposite direction. 
Inductor maintains current flow 
capacitor charges back up to maximum 
pos i t i ve. 



Figure 3 

The transfer of energy between the capacitor and Inductor will continue 
and the waveform read on an oscilloscope will be a sine wave (Figure 
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Figure k 



The alternation of energ> between the capacitor's electrostatic field 
and the inductor's rnagnetic field is known as the flywheel effect . The 
flywheel effect would continue to generate a sine wave indefinitely if 
the tank !jad perfect (no loss) components. Unfortunately, this is not 
the case. 

A small annount of energy is lost on each cycle of the flywheel effect. 
These losses are caused by the resistance of the inductor's wire, by 
the leakage of the capacitor's dielectric, and in numerous other places. 
The result of the losses is a decreasing amplitude waveform out of the 
tank, until all output is finally dissipated. This ^^henomenon is referred 
to as damped oscillations (Figure 5) ■ 



The frequency of oscillation is determined by the relationship of capac- 
itance and inductance values of the tank cOfnponcnts. This relationship 
is best shown by the formula for determining the resonsnt frequency of 
the tank. 



The importance of this formula for technicians is: when L or C increases, 
the resonant frequency decreases. Inductance and capacitance are inversely 
proportional to the resonant frequency. 




9 

LOSSES 



LOSP^S 



Figure 5 
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The flywheel effect relates to: 

a* The reduced amplitude of the oscillations due to internal losses 
of the tank, 

b. The transfer of energy between the capacitor and Inductor at 
resonance . 

The ratro of inductance tc capacitsnce. 



b. 



So far we have explored a tank circuit that has only one resonant fre- 
quency. Often we require a tank circuit to operate at different fre* 
quencies> This is very easily accomplished by using a variable capaci- 
tor or a variable inductor. 




VARIABLE 
INDUCTOR 



Figure o 

Varying the value of either L or C in Figure 6 will change the output 
frequency of the tank. 

The inductance of the circuit in Figure 6b is decreased. What happens 
to the resonant frequency of the tAnk? 



T he resonant frequency will increase. 

Another method for changing frequency is to add capacitors or inductors !n 
series or in parallel. To lower the frequency refer to Figure 7. 
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i 



4. 



B 



T 



Figure 7 



Remember^ capacltdfice in parallel is addttive, like inductors ii^ series. 
The major disadvantage of this method of changing resonanX frequency is 
that you can change it- to only one tower frequency at a time. 

To raise the resonant frequency of the tank circuit, you must: 

a. add capacitors in parallel and/or inductors in parallel. 

b, add capacitors in series and/or inductors in parallel 
c- add capacitors in series and/or inductors in series 

d. add capacitors in parallel and/or inductors in series. 



b^ - 

The problem encountered when using the tank as an oscillator is the damped 
oscillation effects Tank circuits cannot sustain oscillations by them- 
selves. In Lesson IV you will learn how the oscillator circuit overcomes 
these losses. 

AT THIS POINT, YOU MY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST rTEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK aUESTIOKS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
applicable), or consultation with learning supervisor, UNTIL YOU 
CAN ANSWER ALL SELF-TEST rTEMS ON THE PROGRESS CHECK CORRECTLY. 
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PUll ond TAG the 

PLUG or CIRCUIT BREAKER 

Before Working on Equipment! 
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Overview ^ ^ Tiventy Two"lll 

^ OVERVIEW ' 
LESSON 111 ' ' 

Trequency Measurement With An Oscilloscope 



By now, you're becoming quite fdmilidr with using an oscilloscope. Up 
to this time^ howevart it hasn't b,een necessary for you to determine the 
frequency of the various waveforms you have seen. Now it is imFtortant 
that you be able to determine the output frequency of an osc:llator. 
This lesson will show you how to do it. 

The learning objectives of this lesson are as follows; 

TERMINAL OBJECTIVE(S) ; 

22.3*kk When the student completes this course^ he will be able to 
TROUBLESHOOT an oscillator circuity given d training device, 
requi red test equipment, technical rnanuals^ schematics^ and 
a/practice board. Fault diagnosis to be 100? correct and 
oTny repair work completed on a practice board to pass a 
Learning Supervisor's visual and physical check. 

ENABLING OBJECTIVE(S) ; 

When the stucient completes this lesson, he will be able to; 

22.3-^^-6 DETERMINE the frequency of a signal^ given an osci 1 loscope^ 
a job program^ and a test signal genero**or set to a freq- 
uency unknown to the students, to within a tolerance of + 

22.3.^^.6.1 IDENTIFY an i 1 l^u^-ti^ t i on of a waveform wi th one cycle correctly 
™rked by selecting the correct choice from a set of four 
i 1 lustrations. 1 00? ''accuracy is required. 

22.3.^^, 2 DETERMINE, by calculation^ the period of a waveform^ given an 
illustration of a waveform on a graticule and a sweep time 
control position setting. 100? sccuj^acy is required. 
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OVERVIEW 

22.3,*t4.6,3 DETERHINE, by calculatton, the frequency of waveform, given 
the period of the waveform, 100^ accuracy is required, 

22.3.44,6,4 DETERHINE, by calculation, the frequency of a waveform, given 
an i J lustration of a waveform on a graticule and a sweep time 
control position setting, 100^ accuracy is required. 



BEFORE YOU START THIS LESSON, READ THr^KSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON 111 

Frpqurinc y Measureme nt With An Oscilloscope 

To learn the material in this lesson, you have the option of choosing, 
Iccord?Jg tc your experience and preferences, nny or all of the follow- 
ing study resources; 

Written Lesson presentation in: 

Module Booklet: , 

Summary 

Programmed Instruction 
Narrative ^ 

Student's Guide: 

Job Program Twenty Two - Ml "Frequency Measurement Using an 

Osci 1 Iosco pe" 

Progress Check 
Additional Hatertal(s): 

Audio/Visual Program Twenty-Two "Hea/>uring Frequency With An Oscillosco 



Enrichment Hateriat(s): 

Oscilloscope Technical Manual (Appl icable Model Manual) 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNINr 
SUPERVISOR- HOWEVER ALL MATERIALS LISTED ARE NOT NECESSARILY REOUIRED 
?OAciEVE*LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 



TIME 



is 
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SUMMARY 
LESSON HI 

Frequency Measurement With An Oscilloscope 



To use an oscilloscope in order to measure frequency^ you must be 
familiar with the terms "frequency** » **cycle**» and **period*** 

Frequency Is the number of cycles for waveforms that occur In a specific 
unit of time* 

A c^cle Is a complete sequence of events. In our case^ a repeating wave" 
form that moves through one positive deflection, one negative deflection 
and returns to the point of origin* 

A period Is the time required to coniplete one cycle of a waveform* 

Once the period of ci signal is measuredt the equation f = may be 
used to evaluate the frequency* 

Most oscilloscopes have a SWEEP TtH E CONTROL * This control allows 
you to vary the number of complete cycles displayed on the oscilloscope 
screen* To Increase the accuracy of measurement^ you should display 
the smal lest number of complete cycles possible in one sweep* 

To. determine the period of a waveform^ first count the number of cent!*- 
meters of one complete cycle* Multiply this number of centimeters by 
the setting of the SWEEP TIME CONTROL * 



■6 cm: 



















































■H-*t 


































t » 6 cm X 5 ysec/cm 
t = 30 usee 

The period (t) Is then Inserted Into the formula f = ™ 

\ 
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30psec 
f » 33.3 KHz 



Another control, TRIGGER LEVEL , can' be used to move the starting point of 
the waveform in either a positive or negative position. The HORIZONTAL 
POSI nON control moves the signa! left or right with respect to the scope 
graticule^ These will help you to more easily "read" the complete cycle. 

AT THIS POIMT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEVJ OF THE PROGRESS CHECK ClUESTtOMS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAM RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR HOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VtSUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANCUER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON Ml 

Frequency Measurement With An Oscilloscope 



TEST FRAMES ARE 5* 9, AND IK GO FIRST TO TEST FRAME 5 AND SEE IF 
YOU CAN ANSWER ALL THE ttUESTlONS THERE. FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME. 

1. To measure frequency with an oscilloscope, you must understand the 
different parts of a waveform. Look at the illustration. 




Host waveforms have leading and trailing edges. Many pIso have crests 
and troughs. 

In the belov/ Illustration^ identify the leading edges of the waveforms. 



-1 
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LEADING EDGES 



2, Another part of a wavefortrr that must be identified is the CYCLE . 
A cycle is a complete sequence oT events, a repeating waveform that 
moves through one positive deflection, one negative deflection, and 
returns to the point of origin. A cycle can be measured from leading 
edge to leading edge^ 




Frofn crest to crest^ 
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B> and D 



3* Another term that may need explaining is PERIOD , A period is the 
tjjne required to complete one (l) cvc!e. Period and frequency are in- 
versely proportional* U the frequency is increased^ the period is 
decreased* Here is the equation to use when calculating frequency 



' t 



when **f** is the frequency in Hertz and **t** is time of one period in seconds* 

What are the periods of these i 1 1 ustrat ionst 

I 



60^ SEC 



PERIOD = 




PERIOD 



msec 
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I SEC 



PERIOP = 



A* 15 psec^ 50 msec; C, 20 psec 



^1, ;f a waveform has a period of 15 mse<^, the frequency of the waveform 
can 



\ 



e calculated with the equation; 



1 

15 msec 
1 



r3 



15 X 10 
■ 66*667 Hz 

What are the frequencies of the periods given belowt 

A« 1 msec 
8« 50 usee 
1000 ysec 
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A. 1 KHz; B. 20 KHz; C. 10 KHz 



5. TEST FRAMf 

What are the frequencies of the below waveforms? 



lOOuSEC 



FREQUENCY = 



Hz 




FREQUENCY 



Hz 




] msec 



] rh sec 



Im sec 



1 m sec 



FREQUENCY = 



] m sec 



Im sec 



Hz 



FREQUENCY 



Im sec 



Hz 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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f = 1/50 usee, f = 20 KH2. 

B. f = 1/25 usee, f = kO Hz. 

C. f = 1/10 usee, f - 100 KH2. 

D. (==1/2 usee, f = pOO Hz. 



IF YOUR ANSWERS MATCH THE CORRECT ANi.ERS, YOU HAY GO TO TEST FRAME 9- 
OTHERWISE GO BACK TO FrAHE \ AND TAKE THE PROGRAMMED SEQUENCE BEF0R2 
TAKING TEST FRAME 5 AGAIN. 

6. Using the oscilloscope to measure frequency is just a natter of. apply- 
ing, the principles you have just learned. 

An oscilloscope is -a device that will display amplitude versus time. 
The ampUtude is displayed on the vertical axis and time is displayed 
on the horizontal axis. 



0. 
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< TIME 

Host oscilloscope time bases are divided Into centimeters. 

The number of cycles that are displayed is dependent upon the SWEEP 

T IHE CONTROL . Th is is a representative example of a SWEEP TtHE CONTROL . 




NOTE: MAKE SURE THE VERNIER CONTROL IS IN THE *'CAL" POSITION, 
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Decrease the sweep time by turning the SW££P TIME CONTROL clockwise 
(CW) to display a smaller number of cycles on the screen of the oscillg*' 
scope. For the most accurate measurement, the smallest possible number 
of complete cycles should be displayed. 

Which of the following illustrations would give the most accurate 
nteasurementt 
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D 



7. In each of the drawings in Frame 6, what must be done to the sweep 
'-^ . time to obtain the most accurate reading? 



A. Decrease the sweep time. 

B. Increase^the sweep time. 

C. Decrease the sweep time. 

D. Nothing. This is the most correct time base. 

8. Once the smallest number of complete cycles are displayed on the 
oscilloscope, the number of cery:imeters for ONE COMPLETE cycle can 
be counted. 
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6 cm: ^ 

In the illustration above one complete cycle covers 6 cm. Now multi- 
ply the number of centimeters by the setting of the SWEEP TIME CONTROL 
In this example the SWEEP TIME CONTROL is set on .2 mi 1 1 i^econds/cm. 




This will give you the period (time) of the waveform. 
1 Period ^ 6 centimeters X .2 milliseconds/cm 
1 Period - 1.2 milliseconds. 
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9. TEST FRAME 

What are the periods uf the below examples? 
A. 



















^ 
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PERIOD = 
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1 1 
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PERIOD = 



c. 
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PERIOD = 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE C0R.7ECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE,) 
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80 Msec 
6, 5 msec 
C, 120 msec 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS YOU HAY GO ON TO TEST FRAME IK 
IF ANY OF YOUR ANSWERS ARE U4C0RRECT, GO BACK TO FRAHE 6 ANO TAKE THE 
PROGRAHHEO SEQUENCE BEFORE TAKING TEST FRAHE 9 AGAIN. 

10. On most osci 1 loscopes » there are 2 other controls that will atd you 
tn frequency measurement — the TRIGGER LEVEL CONTROl . If you have a 
waveform that looks like this 
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You can't see both leading edges. The TRIGGER LEVEL CONTROL allows 
you to move the starting point of the waveform either in a positive 
or negative direction, floving the trigger level control 




TRIGGER LEVEL 

will move the starting point j'n a neqatJve direction. 
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This enables you to more easily **sight" the starting point of the 
waveform; makes it easier to locate measurement poin*ts on the waveform. 

The HORIZONTAL POSlTtON CONTROL is also useful to move the entire wave- 
form left or right so that you can more easily *^sight'* the distance in 
centimeters between your measurement points* 

Finally, to measure frequency with an oscilloscope, use the equation 
f = and the period you have determined- 



Mo Response Required 



IL TEST FRAME 

What IS the frequency of each of the following waveforms? 



A. 
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f = 



(THIS IS A TEST FRAME/COMPAF<; YOUR ANSWERS W!TH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 



5 'J 
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A. f = 333. Hz 

B. f = 16.666 KHz 

C. f = 2.0 Hz 

IF YOUR ANSWERS HhTCH THE CORRECT ANSWERS, YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON I I.I , MODULE 22. OTHERWISE, GO SACK TO FRAME 10 
AND TAKE THE PROGRAMMED SEQUENCE 8CF0RE TAKING TEST FRAME U AGaIn. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. (F YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
t-ARAGRAPhS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU AkE HAVING DIFFICULTY V1T.H-- IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST.^OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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MODULE TWENTY TWO 
LESSON Ml 

Frequency Measurement With An Oscilloscope 

Mow that you have mastered voltage measurement with an oscillo£:ope it's 
time to learn how to measure frequency with an oscilloscope. 

You are probably pretty familiar with the term "frequency". You have 
worked with Hertz, Kiloriertz and HegaHertz, You have seen examples of 
sine waves, square v^aVes and triangular waves displayed on an oscilloscope. 
To determine the frequency of these jvaveforms^ you first have to measure 
the time duration of one cycle . 

What is the definition of a cycle? A cycle !s defined as a complete 
sequence of events; in our case, a repeating waveform that moves through 
one positive deflection^ one negative deflection^ and returns to the 
point of origin. Let's look at some Illustrations, 
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A cycle can be measured at several different places — from. leading edge 
to lead I ng edge . 



■ ONE * 
CYCLE I 

or from crest to crests 




- or from trough to trough. 




j CYdLE 



What about waveforms that Kave different positive and negative shapes? 
How would you determine the cycle of these waveforms? 




J 
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Of course^ you could measure from crest to crest^ from trough to trough, 
or frosfi leading edge to leading edge. 




ONE CYCLE 



There ts another term you will need to understand to measure frequency 
"PERIOD" . A period is the time required to complete one cycJe of a wave- 
form. The period of a waveform is Inversely proportional to Its frequency. 
The shorter the period of a waveform the higher the frequency. In terms 
of an equation: 



/s-p and ^'"7" 



where *'f'* is the freouency in Hertz^ and "t^' is the time of the period of one 
cycle in seconds. This will be the equation you will use tor frequency 
calculations. 
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Let's try a few examples just for practice. 

You will measure the period, t, in seconds and then calculate the fre- 
quency, f: 




tl S0C 












j m s«c I 



f = 



1 



20msec 
1 



20 X 10 
f = 50 Hz 



lOOOtJSec 



1 



1000 X 10 
f = 1000 Hz 



f = 



1 



lOmsetc 



f = . I 



10 X 10 
f = lOOHz 



Well, now that we can find the frequency when We know the period, all we 
have left to do is learn how to use an oscilloscope to measure the period 
of a waveform. 
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The first thing to do is get the v^aveform correctly displayed on the scope 
THe smal lest ^number of COMPLETE cycles d i spl ayed will give you the most 
accurate measurement. In the below illustrations, which would allow you 
to most accurately measure the waveformt 



A, 
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rill" 


"ill* 
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B. 
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+++t 
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■HH- 


-H-H- 


■HT-t- 























D, 




c[ (8 doesn't quite make one complete cycle) 

ic 
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Now, the questior arises, '^How do you get the smallest number of cycles?" 
The answer is, *'Use the SWEEP TiHE control This control allows you to 
select how many cycles are displayed on the oscilloscope, 

NOTE: NEVER take the Vernier control out of its calibrated position. 




Notice that the sweep lime dial is divided into microseconds/centimeter, 
mi M is'.conds/centimeter and seconds/cm. Also notice that within the 
divisions of tim e per cm there are the numbers -1, ^2, t, 2^ 5, 10, 
20, ^nd 50^ Increasing the sweep time will allow you to ^Aiew morj cycles 
on che osci 1 loscope. 
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In the below H I ustrat ions, what would you have to do to display the 
smallest number of complete cycles? 
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A« Decrease sw.'^ep time 

B« Decrease sweep time 

C; Increase sweep time 

D* Nothing (This is what you want.) 

E. Increase sweep time 



Now that; you have the smallest naniber of cycles displayed on the oscillo* 
scope^ you are ready to determine the frequency. Howt Well, you have to 
determine the period of the waveform* To do this you have to count the 
number of centimeters that one complete cycle covers on the oscilloscope 
face* Then multiply that nuober of centimeters by the setting of the 
SWEEP TIME control* 





































.i 1 J. J 
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Ml* 





























in this casei 

t 10 cm X 2 msec/ cm 
t = 20 msec 

What are the periods of the below waveforms? 



2 ^ * 




3 5 » * 3 
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A, 200 usee 
8. 0, 72 mse-: 



There is one other control that proves to be useful in frequency measure- 
ment — the TRIGGER LEVEL control. Suppose you have a waveform that looks 
1 Ike this: 













































■tm- 


++tt 








+ftf 





























The TRIGGER LEVEL control allows you to move the starting point of the 
waveform in either a positive or negative direction, HovJng the TRIGGER 
LEVEL cont rol in the negat i ve dJ rec t Jon will cause the start ing point 
to move in a negative direction. 
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4r+f 


444+ 




++4+ 
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++4+ 



























TRIGGER LEVEL 



Doing this will enable you to more easily sight the starting point 
of the waveform. Bear in mind that you can also measure the distance 
between crest to crest and trough to trough. Don't forget that you may 
use the HORIZONTAL control to shii't the waveform horizontally for this 
purpose . 
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The final step in measuring frequency is to use the equation f = 

Take the time of the Pfrlod ycu have calculated and divide this Into \ 
Let's try one together. 



































-H-H- 










+f-H- 








































.1 -2 



1 cycle covers 8 cm 
Sweep Time set on 2usec/cm 
1 period (t) ^ 8cm x 2^sec/cm 
1 per *od = t6Msec 
I 



f = 



f = 



sec 



1 



16 X 10' 



f = 62.5 H2 



63 'r 



70 



Narrative 
Now you try some: 

What are the frequencies of the belov; illustrated waveforms? 
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D. 




167 Hz 166.66 Hz 

B. 29 KHz 29. 'tl Hz 

C. 833 H7 S33.33 H 

D. k KHz ^ 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LE?SON. 
IF YOU INCORRECTLY ANSWER ONLY A F^^W OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT ^*0U HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT MO USE 
ANOTHER V.UTTEN MEDIUM OF tNSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
-CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



Time waits for no man. 



ACCIDENTS 




COMPLACENCY KILLS! 
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OVERVIEW 
LESSON iV 

Osci I lator Operation 



In this lesson you will study and learn about the operation of an 
Armstrong oscillator, the operation of a CoJpi tts oscillator, the oper- 
ation of a Clapp oscillator, and electronic voltmeters (EVm) . 

The learning objectives of this lesson are as follows: 

* 

TERMINAL OBJECT!VE(s) : 

ll.k.kk When the student completes this course, he will be able to 

TROUBLESHOOT an oscillator circuit, given a training device* 
required test equipitent, technical manuals, schematics, and 
a practice board. Fault diagnosis to be 100^ correct and any 
repair work completed on a practice board to pass a Learning 
Supervisor's visual and physical checlt. 

ENABimG OBJECTIVE(s): 

When the student completes this lesson, he will be able to: 

22.^.^4^.7 IDENTIFY the schematic diagrams of three basic (Armstrong, 
Colpltts, and ClappV osci 1 lators, by selecting the correct 
name for each schematic from a set of four schematic draw- 
ings and 3 list of names. 100^ accuracy is required. 

22.^.^^.7.1 IDENTIFY the purpose of the iwo series capacitors in the 
tank circuit of a Colpltts oscillator by seJecting the 
correct statement, given a schematic an6 ^o*jr statements 
about the tank circuit. 100^ accuracy Is required* 

22.^.^4^4.7.2 IDENTIFY the sections of an Armstrong oscillator (tank, 

amplifier* or feedback), given a schematic of an Armstrong 

oscillator and labeled components in each of the sections 

by selecting the correct statement from a set of four state" 
ments. 100^ accuracy is required. 
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OVERVIEW 



OBSERVE the change 'rn frequency of a tank circuit when . 
changing certain components given an oscilloscope a training 
device and a job program. 100^ accuracy is required. 

IDENTIFY a conmonly used voltage measuring device that should * 
not be used to make voltage measurements on an oscillator 
circuit, given a list of test equipment. 100^ accuracy is 
requi red< 

OBSERVE and RECORD the loading effects which occur when a VOM 
is connected to measure voltage in an oscillator circuit, 
given an oscilloscope^ a VOM, a job program^ and a device 
containing an oscillator circuit, Atl measurements to fall 
within tolerances stated in the experiment sheet. 

t^EASURE and RECORD voltages in an oscillator circuit, given 
an EVMj oscillator training device, schematics^ a job pro- 
gram and technical manual. Measurements to be within toler- 
ances given In technical manual or progress check answer 
secti on< 



ll,k,kkAl IDENTIFY a malfunctioning component in a prefaulted oscillator 
circuit, given the necessary tools, job program, a prefaulted 
training device^ an. oscilloscope and the appropriate technical 
manual or schematic. Fault diagnosis to be 100^ correct. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON 

OscMlator Operation 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences* any or all of the following 

Written Lesson presentation in: 

^k)dule Booklet: 

Summary 

Programmed Instruction 
- NarrBtive 

Student's Guide: 

Audio/Visual Response Sheet Twenty Two-IV-1 

Job Program. Twenty Two-IV-1 "Oscillator Operation" 

Job Program Twenty Two-IV-2 "Loading Effects of Meters" 

Job Program Twenty Two-IV-3 "Colpitts/Armstrong Oscillators" 

Job Program Twenty Two-IV-^ "Troubleshooting Oscillators" 

Progress Check 

Addi tlonal Material (s) : 

AudJo/Visual Program Twenty Two-IV-l "Oscillator Operation" 
Audio/Visual Program Twenty Two-IV-2 "AN/USrt 116 EVM Operation" 



Enr ^hment Material(s): 

Electronics Installation and Maintenance 8ook, Electronic Circuits, 
NAVSHIPS 0907-000-0120, section 6 
AN/USH 116 Technical Manual 



YOU HAY USE ANY, OR ALL, RESOURCES 
SUt^^RVISOR; HOWEVER, ALL MATERIALS 
TO ACHIEVE LESSON OBJECTIVES. THE 



LISTED ABOVE, INCLUDING THE LEARNING 
LISTED ARE NOT NECESSARILY REQUIRED 
PROGRESS CHECK HAY BE TAKEN AT ANY 
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SUMMARY 
LESSON J V 

Oscillator Operation 



A feedback path and an ampUffer must be added to a tank circuit in ordei;^^ 
to sustain oscillations. The amplifier will typically be a common-emitter 
amplifier which has a ISO"* phase shift. In order to replenish the losses 
in the tank circuit at the correct phase, there must also be 180"" of phase 
shift in the feedback path. This type of feedback is called positive or 
regenerat ?ve . 

An Armstrong oscillator uses a cofiMiion-emi tter amplifier and inductive 
feedback^ 




Sine w^ave osci Mat ions are establ i shed in the tank circuit consisting of 
L2 and CK These oscillations are fed through coupling capacitor C3 to 
the base of transistor amplifier (il. The transistor amplifies the sine 
wave artd part of the energy Is coupled through C5 to the output. The re- 
mainder of the energy is fed back -through C2 to " tickler" coil LI. Ll 
puts energy back into the tank through mutual induction v/lth L2. Oscilla- 
tions are thus s'.*^3ined. 

A variation of the Armstrong oscillator is shown on the next page: 




Summary 
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tnergy from the tank circuit (L2 and CI) is coupled to the output via 
*L3 3nd to the feedback path via LI, Transistor Qt amplifies the energy 
from L\ and injects the energy right back into the tank, 

A Colpl tts osci 1 lator utilizes two capacitors and a variable inductor 
in the tank. 




OUTPUT 



Part of the sinewave energy is taken from capacitor C2^ amplified^ and 
fed back to capacitor CI, Inductor Ll is useJ to vary the frequency of 
oscillation. The oscillator output is taken from coil L2 which Is wound 
on the same core with LI, 
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A variation of the Colpitis osci llator is the Clapp osci I I a tor : 



-Vcc 




Here the tank consists of CI, C2, C3, and Li, and the frequency of oscilla- 
tion can be changed by varying C3. 

When measuring voltages in an oscillator circuit with a me: 3r rather than 
an oscilloscope, an electronic voltmeter (EVM, DMM or VTVm) must be used 
to prevent circuit loading (''requency change and loss of ampl i tude) . 

AT THIS POINT, YOU MAY TAKE THE LESSON "PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THt CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON Y0U\ARE HAVING DIFFICULTY WITH. IF YOO FEEL THAT YOU HAVE 
FAILED TO UNOERSTAHD ALL. Of^ HOST, OF THE LESSOk, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (I"" 
applicable), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



So 
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PROGRAMMED JNSTRUCTJON 
LESSON IV 

Oscillator Cperation 



TEST FRAMES ARE 7, 13, AND 17. GO FIRST TO TEST FRAME 7 AND SEE IF 
YOU CAN ANSWER ALU THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN 
AFJER THE TEST FRAME. 

K The operation of some actual oscillator circuits will be explored in 
this lesson^ As you know^ an amplifier and a feedback path must be added 
to a resonant circuit to sustain oscillations. The feedback to the tank 
circuit must be of the proper phase and amplitude to replenish the losses 
in the tank circuit. This type of feedback'^ is called positive or regener- 
ative feedback. In other words^ th "e must be no difference Jn phase 
between the energy that leaves the unk circuit and the energy that is 
fed back to the tank circuit* The total phase shift in the amplifier and 
feedback path fuust be 0** or 36O* (which Is equivalent to 0**)- The most 
common type of amplifier used in oscillators is a common-emitter amplifier 
Feedback can be accomplished in various ways: inductive^ capacitive^ or 
di rect* 

Since a common-emitter amplifier has a I80* phase shifty how much addi- 
tional phase shift will be necessary In the feedback path to obtain i. 
positive feedback? 



SI 
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2. An example of an oscillator ucing a common-emitter amplifier and ;nduc' 
ttve feedback is shown below. 



^ ( ^OUTPUT 




The tank circuit consists of Inductor L2 and capacitor CK The sine 
wave output of the tanic is fed through couplttig capacitor C3 to the 
base of transistor amplifier Ql . Transistor Q) amplifies the sine 
wave which is coupled to the output through C5- What would happen to 
the sine wave if there were no f?edback7 



The sine wave would be dom^ped because of losses 
to that effect) . . 



the " ank *tor words 



3* Part of the sine wave output is fed back through coupling capacitor 
C2 to Inductor LI* Inductor LI iind L2 are wound on a common core. Part 
of ttie sine wave energy on L! is Induced into L2* The transistor 5R;p1 1 ^ 
fie will invert the sine wave by 180* and the mutual inductance between 
Ll and L2 will also invert the sine wave by 180*^* Therefore the sine wave 
induced from Ll and L2 will reinforce the oscillations in the tank* 
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The sequence of energy can be shown as; 




OUTPUT 



The purpose of LI is to; 

a. Es^abHsh oscillator frequency < 

Provide coupling for the feedback path, 
c. Couple the energy out of the tank, 
d- Provide a DC path to ground. 



b^ Provide coupling for the feedback path, 

The type of osc i 1 1 a tor shown i n frame 2 is ca I led an Armstrong osc i 1 1 - 
ator - named after the man who invented it. An Armstrong oscillator ts 
characterized by a " tickler* ' coil th^it feeds energy back into the tank, 

Wh ich i nduc tor woul d be considered the '^t t ck i er** coi i in the osc \ I I a tor 
shown in Frame 2? 
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5. Another type of Armstrong oscillator couples the energy out of the 
oscillator by using another inductor: 




L3 OUTPUT 



In this oscillator, the sequence of energy flow can be shown as: 




SMALL PORTION OF ENERGY 
FOR FEEDBACK 



OUTPUT ENERGY 



OUTPUT 



A sine wave generated by the tank is induced into both LI and L3. Induc- 
tor L3 couples the energy to the output. Inductor Ll , feeds the energy 
to amplifier 0.1. Amplifier Cil amplifies the sine wave and feeds the ampl i 
fted energy back to the tank to sustain oscillations. 

Which inductor in the oscillator Illustrated above will determine the fre- 
quency of oscillation? 

a, Ll 

b, L2 

c, L3 
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Aim Hitf 

ON THE WAY UP 




So 
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b> L2 since it is part of t>ie tank circuit. 

6, The frequency of oscillation in both the Armstrong oscillators covered 
so far could be changed easily by adjusting variable capacitor CK Would 
changing the value of any component other than the inductor or capacitor 
in the tank change the frequency of oscillation? 



^ ^ 

No, not significantly^ although there may be small changes, 

7- TEST FRAME 

What IS the purpose of transistor Ql In the oscillator fl-jst rated below? 




a- To feed ene^^gy to the tank circuit to ^ubtatn oscillations. 

b. To feed energy to LI for feedback to the tank circuit.. 

c. To establish the prope'* frequency of oscillation. 

d. To provide <- r» *ans of coupling the output signal to an external 
load. 



THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRF'.T ANSWER GIVEN 
AT THE TOP OF THE NEXT PAGE. 
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a. To teed energy to the tank circuit to sustain Ojn,' 1 lations. 

IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 11 
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE K^OGRAHMED SEOUENCE BEFORE 
TAKING TEST FRAME 7 AGAIN, 

3, Ajiather type of oscillator, called the Colpi t ts oscl Mator, uses a 
tank with two capacitors and a variable inductor. 



I 



i 



^ CI 



r 



I 



C2 



T 



The point between the two capacitors is connected to ground. With respect 
to ground, the sine wave at the top of the tank is 180* out of phase with 
the sine wave at the bottom of the Lank. For example, at one instant of 
tine the charges on the capacitors will bei 



.1 



X 



-T 



C2 



The top of the cank will be positive when the bottom is negative. On the 
ne^t half cycle, the top of the tank will be negative when the bottom is 
posi ti ve 



-r- 

s? 
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Using the tank illustrated below, and given the sine wave at the bottom 
of the tankt draw the sine wave which you would expect to find at the 
top of the tank* 




9* In the Co'pitts oscillator tank circuity capacitors CI and C2 act as 
a capacKIve voltage divider across the tan^' circuit* The voltage across 
C2 will be the input to the amplifier* The output of the anptifter will 
be fed back to CI * 




Since the voltage acrq^s C2 is the Input voltage to the amplifier^ the 
amount of feedback depends or the ratio of the values of the two tank 
capacitors CI and C2* 

If '^^€t capacitance of Cl ts decreased^ ,the reactance of CI wH l increase* 
ThI'J will cauf^s fpcre of the total tank voltage to dror^ acrrss CI and less 
across C2* With less voltage across C2» the Input signal to the iimpllfl- 
er will be less; tnat ts^ less feedback will occur. 

Tha amount of feedback Is very important !n establishing oscillations and 
maintaining stability In the oscilJator* tf there Is tc\ much positive 
feedback^ the signal will grow larger and larger until Jt exceeds the 
limits of the amplifier causing the sine wave to be distorted* If there 
is too little positive feedback^ the oscillatfons will be damped. 
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ierIc. 



A part of (sample) of t\\e tank sine wave is taken ftox capacitor 
and the amplified sine wave is fed bauk to capacitor 



C2, CI (in that order) 



10. A complete Colpitts oscillator circuit is shown below: 




L2 OUTPUT 



Part of the sine wave is taken out of the tank at point A. This energy 
is amplified by transistor Ql * The amplified sine wave is fed back 
through capacitor to the tank at point B. The sine oscillations 
are thus sjitained. The oscillator outpi^t is taken from<coi 1 L2 which 
is wound on the same core with LI* T. 2 frequency of o'.ciHation may be 
varieH by adjusting Li* 



The flow of energy in the Colpitts oscillatwr shc-rtfj above Is from point 
A, to point , to point » and pack to point B. 

j 



D, C, (in that order) 
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IK TEST FRAME 

(1) List the components in each functional part of the Colpitts oscillator 
he tow: 



-Vcc 




C4 



1 . M 



^12 OUTPUT 



, 11 



COMPONENTS 

Tank 

Amplifier 

Feedback coupling 



{2^ The two cat^acitors in the ;ink circuit of a Colpitts oscillator form 
3 (current/ vol tage) d i v* Br .w- rk and provi de 

a. two tank circuit ^als that are in phase. 

b. two tank^circuit Is 180*^ out of pha^e. 

c. one tank circuit sigi*<1 at double the cimplitude. 

d. source voltage to tt^^ emitter of Ql . 



THIS IS A TEST FR. HE. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE. 
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(1) Tank CT7C2, 11 

AmpUfle r QL, Rl. R2. R3, R^_t_C3 
Feedback coupUng Ch 

(2) Voltage, b. (two tank circuit signals 180" out of phase.) 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME I3. 
OTHERWISE GO BACK TO FRAME 8 AHO TAKE THE PROGRAMMED SEQUENCE BEFORE TAKIK'3 
TEST FRAMF It AGA'N. 

12. A variation of the Colpttts oscillator is called the Clapp osci 1 lator . 
The Clapp oscillator has a variable capacitor C3 in series with a fixed 
inductor LI tn the tank. 



-Vcc 




OUTPUT 



The frequency of oscillation can be changed by varying C3* The operation 
of the Clapp oscillator Is basically the same as the Colpttts oscillator* 
Part of the sine wave energy Is taken out of the tank at point coupled 
into the amplifier at point Is amplified, tapped out of the amplifier 
a: point and fed back to the tank at point D. Sine wave energy is 
also taken out of the tank by the mutual Induction between Ll and L2. 

List the components that determine the frequency of oscMlatron tn t!ie 
at* ve ci rcui t* 



lT7 C], C2 and C3 



P.I . 
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Select the correct name from column 0 'aod match it to its respective 
schematic diagram in column A. 

COLUMN A COLUMN B 





THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE COPKECT ANSWERS 
GIVEN AT TOP OF THE NEXT PAGE. 
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a~. Colpi tts psci 1 lator 

b. ] , C )dpp 05C I ) lator 

c. 2, A^mstron^ oscf 1 lat or 

IF yOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO TEST FRAHil 17* 
OTHERWISE, RESTUOY 'FRAHE 12 BEFORE GOING ON, 

1^. Whenever a meter \z used for voltage measurement , on an oscillator 
tank circuit* the meter is placed In parallel with the tank. 



(f the meter Is a VOH (AN/PSH-^ or Simpson 260) the energy needed to oper- 
ate the meter movement will have to come from che circulating current In 
.the tank. What will happen to the amplitude of oscillations in the tank 
circuit If you connect a VOH to It? 



Oscillation amplitude will decrease. 



15* The actual amount of decrease will depend upon how much energy Is 
drawn from the tank, 

A second loading effect caused by a standard ^OH Is a frequency change^ 
The meter\leads and the meter itself have some capacitive reactance. 
How will tftis added reactance affect the frequency of the oscillatort 





*t59 



rhe frequency will decrease* 
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16, Because of these loading effects (decreased amplitude and 'change 
in oscillator frequency), you must use a voltmeter which will not remove 
much power from the circuit. An eleccronic voltmeter, often called a 
VTVH, meets this requirement. The letters VTVH stand f>r V^acuum lube 
Volt Meter, and are generally used for ony meter that has an electronic 
ampliTier in it. Some of these meters have some solid state circuitry 
but are still called VTVHs. (See Note 2.) A more mr.dern term for 
these meters is EVH for E^tectronic Volt Meter or DHt for D^igital Hulti- 
Meter . 

Besides a VTVH, what other piece of test equipment can be used to measure 
voltage in an oscillator circuit? 



An oscil loscope 



NOTE 1: In order to get the minimurrj loading effect from an oscilloscope 
you should use a lOX probe when taking measurements. 

NOTE 2: One type of solid st<jte meter uses a field effect transistor in 
order to achieve high input i<npedance. This meter is called an F.E.T. meter. 

17. TEST FRAME 

List two types of test equipment that can be used to measure voltage in 
an oscil later circui t. 



THIS tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE ANSWERS GIVEN AT 
THE TOP OF THE NEXT PAGE. 
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An oscilloscope and a VTVH, EVM, or DHH. 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON IV, MODULE TWENTY TWO. OTHERWISE GO BACK TO FRAME U 
AND TAKE THE PROGRAMMED SEaUENCE BEFORE TAKING TEST FRAH^ t? AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO •mE NEXT LESSt^N. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK CUESTIONS, 
THE CDRKECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES S THAT YOU CAN RESTUDY THE PARTS OF T^llS 
LESSON YOU ARE HAVING DIFFICULTY M\JH. IF YOU FEEL TOAT YOU HAVE 
FAILED TO UN3ERSTAND ALL, OR MOST, OF "mE '.ESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUi* lO/VJ SUAL MATERIALS (IF 
applicable), or consultation with learning SUPEPVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSOK IV 

Osc i 1 later ^perat ion 



The previous lesson showed how tank circuits establish a given frequency 
of oscillation. .This lessen will indicate how amplifiers and feedback 
£at]vs are added to^ank circuits. The most cofnmon type qf amplifier 
used in transistorized oscillators is a comoson-emi tter amplifier. Feed- 
back can be accomplished in various ways: Inductive^ capacitive^ and 
di rect. 

The feedback to the tank circuit must 1)e of the proper phase and amplitude 
to replenish the losses in the tank clrci/it. This type of feedback is 
called posi tl ve or regeneratl ve, In other words^ there must be no differ* 
ence in phase' between the energy that leaves the tank clrcui^t and the 
energy that is fed back to the tank circuit* The total phase shift In 
the ampl if ier *and feedback path must be 0* or 360* (which is equivalent 
tO}0'')\ Since a common^eml tter amplifier has a ISO** phase reversal* the 
phase shift in tthe feedback path must also 1;* 180**. if there is a total 
phase shift of 360*^* the sine wave feedback to the tank circutjt will 
support the oscH Jations ill the tank. 

An Armstrong oscillator uses a cosnmon^emi tter amplifier and Inductive 
^ feedback. " ' 

The Inductive feedback prp^ides ^80* of phase reversal through transformer 
action. A typical Armstrong rosc i 1 lator Is shown below. 




^ OUTPUT 



I l^J 

FEEDBACK 
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The tank circuit consists of inductor L2 and capacitor C). The sine wave 
output of the tank is fed through coup) fng capacitor C3 to transistor 
amplifier Q) . Transistor Ql amplifies the sine wave Droduced by the tank. 
Part of the amplified sine wave is connected to the oscillator output through 
coupling capacitor CS^ 

The rest of the amplified sine wave is connected through coupling capaci- 
tor C2 to inductor LI. inductor Ll is wound on a common core with L2 
(in the tank circuit), Ll is referred to as a ' 'Tickler^ ' coi 1 ^ By mutual 
inductance^ sine wave energy on Ll ts induced into L2 to sustain the os- 
cillations in the tank. The amplifier will invert the sine wave by I80^ 
and the transformer action between Ll and L2 will invert the sine wave 
by another l80*. 

The sequence of energy flow can be shown as; 



TANK 



AMPLIFIER^> OUTPUT 



n 




FEEDBACV^ 



Armstrong Oscillator 

Notice that CI is a variable capacitor. This allows an easy method of 
varying the frequency of oscillation. 

The purpose of Ll is to 

a. establish oscillator frequency. 

b. provide coupling of the feedback path. 

c. couple the energy out of the resonant tank, 
d* provide a DC path to ground. 
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provide coupling of the feedback path. 

The arrangement of the various elements in an oscillator can be changed 
and we can still have a functioning circuit. For example, the oscillator 
illustrated below is also an Armstrong oscillator. 




The output energy in the Armstrong o^^cillator is coupled through L3- 
Inductors LI, L2, and L3 ^re all wound on the same core. 

Which Inductor In the Armstrong oscillator will determine the frequency 
of osc i 1 1 ation? 



L2, since it is part of the tank circuit. 

\ 
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SMALL PORTION OF ENERGY 
FOR FEEDBACK 



OUTPUT ENERGY 

OUTPUT 

Armstrong Oscillator 

Another type of oscillator, called the Colpjtts oscil lator, utilizes a 
special type of tank circuit with tvw capaci tors and a variable inductor: 



•I 



i 



C2 



T 



The point between the two capacitors is connected to ground so that, at 
one instant of time, the charges on the capacitors will be as shown 
below: the top of the tank will be positive and the bottom negative. 



.1 



i 



-T 



C2 



T 



9,'y 
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On the next half cycle, the top of the tank will be negative when the 
bottom is positive^ as shown below: 

-4 



+ 



1 



C2 





Therefore, the sine wave at the top of the tank will be I80*' out of phase 
with the sine wave at the bottom of the tank. 

In the Colpitts oscilfator tank circuity capacitors CI and C2 act as a 
capacitive voltage divider across the tank circuit. The voltage across 
C2 will be the input to the amplifier and the output of the amplifier 
will be fed back to CI. The amount of feedback depends on the ratio of 
the values of the two tank capacitors. ^ 

A typical Colpitts oscillator circuit is shown below: 



-Vcc 




OUTPUT 



Part of the sine wave energy is taken out of the tank ,at point A. This 
energy is fed to point D and is amplified by transistor Ql. The ampli- 
fied sine wave appears at point C and is fed back through capacitor C^ 
to the tank at point B. Thie sine wave oscillations are thus sustained 
The oscillator output is taken from coil L2 ^hlch is wound on the same 
core wi th Ll * 
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List the components m each functional part of the Colprtts oscillator* 

COMPONENTS 

Tank ^ 

Amplifier _^ 

Feedback coupling 



Tank CI . C2. LI 

Amplifier qi > RU R2, R3> R^*, C3 
Feedback coupling _C|t 

A Var I at ion of the Colpi tts osc i I la tor is ca 1 led the C lapp osci t lator * 
The Clapp oscillator has a variable capacitor {c3) in series with a fixed 
inductor (l1) in the tank, 



-Vcc 




The frequency of oscillation can be changed by varying C3* The operation 
of the Clapp oscillator Is basically the same as. the Colpitts oscillator* 
Part of the sine wave energy is taken out of the tank at point A, coupled 
into the amplifier at point 6, is amplified, tapped out of the amplifier 
at point C, and fed back to the tank a* point 0 to produce an output and 
continue oscillations* 
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Sine wave energy is also taken out of the tank by the mutual induction 
between Ll and L2. ^ 

List all the components of the Clapp oscillator that determine the fre^ 
quency of oscillation* 



Ll> Ci; C2, and C3 



The name of the game is troubleshooting and in ord^ir to troubleshoot you 
need test equipment. When troubleshooting oscillators^ care must be taken 
'i?W:hoosing the correct voltmeter to use* 

If yolt were to connect a standard V 0 H (i*e*^ AN/PSH-^ or Simpson 260) 
to an oscillator circuity the output frequency and amplitude would change** 
Thes^" loading effects could cause false casualty indications elsewhere 
in the system* It is even conceivable that actual casualties could be 
caused by using the wrong meter. 

Here is an example of the type of trouble you can get into by using im* 
proper test equipment. A technician' connects a VOM to ^n oscillator 
circuit and he notices the amplitude and frequency in the circuit are' 
wrong so he adjusts them unttl they are correct* Now when he removes 
the meter^ the loading effect disappears and the amplitude and frequency 
of the output change* The fflad part- of this story is that^ unless he 
realises bis mistake^ he mayi go far^ afield looking for the source of 
his troubles before he conesvback to these adjustments becaus*; he has 
already made them and "they ane correct". 

The meter that must be jjsed to measure voltage in an oscillator circuit 
is one which will not load down the circuTf^ An electronic voltmeter 
has a high input impedance (2) and will ^t load these circuit^. ' 

This type of meter is usually referred to as a VTVM (Vacuum Tube Volt 
Meter) even though some of the newer types have solid slate circuitry. 
A raore modern term is EVM (Electronic VoU Meter) or OMM (Digital 
Hultiftteter) . 

NOTE: One type of solid state electronic meter uses a field effect tran- 
sistor in order to achieve high input impedance. This meter is 
called an f.E*T. meter* 

\ 
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Another piece of test equipment (other than a meter) that can be used to 
measure voltages in an oscillator is an oscilloscope. Due to its in-ter- 
nal construction, an oscilloscope will generally not load down the 
circuit under test. 

NOTE; In Order to get the Dinimur>i loading effect from an oscilloscope 
you should use a lOX proLt while taking 'measurements. 

AT THIS POINT, YOU mAy TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO'THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, Or THE LESSON^ SELECT AND USE 

another written medium of instruction, audio/visual materials, (if 
applicable), or consultation with learning supervisor, until you 
can ansvitr all self-test items on tfte progress check correctly. 
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